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(57) Abstract 

An integrated interior trim and electrical assembly (21) for use in an 
automotive vehicle includes an integrated electrical junction box (25) and an 
interior trim panel (23). The interior trim panel has a generally rigid substrate 
(27) covered by an aesthetically pleasing covering material (29). The junction 
box includes a flexible printed circuit board (55), a rigid printed circuit board 
(61), a busbar and insulator assembly (57, 59), and a conductive deposited trace 
(51). The integrated interior trim and electrical assembly employs a sheet-like 
electrically conductive circuit layer which distributes electricity between a switch 
(104) and an electricity activated device. A sheet-like electrically conductive layer 
is partially external from and partially disposed inside of an electrical junction box 
wherein it is electrically connected to one or more of the other circuit layers also 
contained within the junction box. Portions of the sheet-like electrically conductive 
layer external to the junction box are also suitable for integration with a series of 
occupant operable switches. Another aspect of the present invention employs a 
conductive elastomeric pad (65) between internal circuit layers. A portion of an 
electrical junction box is molded within an interior trim panel substrate. Integrated 
interior trim and electrical assembly, a sheet-like electrically conductive layer is 
formed and affixed within an interior trim panel. 
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WO 97/21563 PCT/US96/19179 

INTEGRATED INTERIOR TRIM 
AND ELECTRICAL ASSEMBLY FOR AN AU TOMOTIVE VEHICLE 

BACKGROUND OF THE INVENTION 

This invention relates generally to electrical systems within 
automotive vehicles and specifically to an automotive vehicle integrated interior 
trim and electrical assembly. 
5 Before the introduction of junction box technology, wire harnesses 

for automotive vehicles had to be individually tailored for particular vehicle 
options. Wire harnesses were extremely complex, required labor intensive and 
costly splicing. 

With the introduction of junction boxes for connecting various wire 
1 0 harnesses together, the wire harness complexity and costs were reduced while 
the quality and reliability of the vehicle electrical system were enhanced. Two 
conventional constructions of internal electric current carrying circuits are 
commonly used in junction boxes disposed in engine compartments or 
attached to the bulkhead or brace under instrument panels within passenger 
15 compartments. The first circuit construction uses alternating layers of 
conductive busbars and insulators. The busbars have male blades which 
protrude upward through slots in each insulating layer. Furthermore, external 
wire harnesses are connected directly to many of these busbar male blades. 
The second traditional junction box construction consists of a plurality of rigid 
20 printed circuit boards having male and female terminals projecting 
perpendicular therefrom. External wire harnesses and electronic modules are 
often connected to these various terminals. 
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The preceding junction box designs have improved the reliability 
of electrical connections within the vehicle electrical system, however, these 
junction boxes have become increasingly complex to assemble, heavy and 
large due to the many added bulky busbar and rigid printed circuit board 
layers. Therefore, it is desirable to have an improved junction box that is 
relatively small, lightweight and of tow cost while further having easy to 
assemble internal circuitry. 

Independent from a junction box, it is also known to employ a 
flexible printed circuit within an electrical switch. However, this box appears to 
merely disclose a single stand-alone backlit switch which is attached to an 
instrument panel or the like through a bracket. The flexible printed circuit 
appears to be electrically connected to the switch at one end and to a 
conventional wire harness at the other end. 

Recently, a trend has developed toward modularization of 
automotive vehicle occupant door components. The majority of this 
modularization has occurred between the door hardware (i.e., mechanical 
components such as door locks, window lift regulators and the like) and 
various structural cassettes for mounting to the sheet metal door reinforcement. 

Modularization of the electrical and wiring aspects of the 
automotive vehicle doors has been generally overlooked. Furthermore, due to 
the traditional design, engineering and manufacturing separation between 
conventional electrical and interior trim disciplines within the automotive 
industry, integration therebetween has not significantly evolved. It is also 
known to use flexible printed circuits and their electrical connections behind an 
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instrument panel and door trim panel, however, there is no use of a junction 
box. Accordingly, it would be desirable to integrate and modularize the 
conductive circuit layer, electrical junction box and trim functions and products 
to achieve the long sought after benefits of true synergistic integration. 


SUMMARY OF THE INVENTION 

In accordance with the present invention, the preferred 
embodiment of an integrated interior trim and electrical assembly for use in ah 
automotive vehicle includes an integrated electrical junction box and an interior 

10 trim panel. The interior trim panel has a generally rigid substrate covered by 
an aesthetically pleasing covering material. In another aspect of the present 
invention, the junction box includes a flexible printed circuit board, a rigid 
printed circuit board, a busbar and insulator assembly, and a conductive 
deposited trace. In yet another aspect of the present invention, the integrated 

1 5 interior trim and electrical assembly employs a sheet-like electrically conductive 
circuit layer which distributes electricity between a switch and an electricity 
activated device. In still another aspect of the present invention, a sheet-like 
electrically conductive layer is partially external from and partially disposed 
inside of an electrical junction box wherein it is electrically connected to one or 

20 more of the other circuit layers also contained within the junction box. Portions 
of the sheet-like electrically conductive layer external to the junction box are 
also suitable for integration with a series of occupant operable switches. 
Another aspect of the present invention employs a conductive elastomeric pad 
between internal circuit layers. In another aspect of the present invention, a 
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portion of an electrical junction box is molded within an interior trim panel 
substrate. Furthermore, in another aspect of the present invention integrated 
interior trim and electrical assembly, a sheet-like electrically conductive layer is 
formed and affixed within an interior trim panel. 

The integrated interior trim and electrical assembly of the present 
invention is highly advantageous over conventional constructions since the 
present invention allows one part to serve many functions in a truly synergistic 
manner. For example, the sheet-like flexible printed circuit board layer of the 
present invention acts as a power distribution layer within a junction box, serves 
as an external electricity carrying circuit in place of a conventional discretely 
wired pigtail and electrical connector, and also forms the switch contacts. 
Hence, bulky and costly electrical connectors, crimps and splices are reduced. 
Furthermore, use of the present invention junction box within an interior door 
trim panel serves to reduce the number and size of traditionally cumbersome 
wire harnesses within the tightly packaged door while also allowing for 
integration of a multiplex door node within the same junction box. The present 
invention is further advantageous by preassembling the junction box to the 
interior trim panel substrate, off-line, prior to the trim panel's installation on a 
quickly moving final assembly line. Thus, easy electrical continuity inspections 
can be performed prior to final assembly so as to prevent potentially destructive 
disassembly from the sheet metal if problems are detected. Moreover, the 
interior trim panel can be positioned for convenient and easily visible electrical 
preassembly without requiring the conventional repeated installer ingress and 
egress of the moving vehicle (which often has exposed sharp metal edges) for 
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applying conventional wire harnesses onto doors or junction boxes onto 
bulkheads behind instruments panels. Additionally, the junction box and wiring 
circuits can be formed within the interior trim panel in a single step molding 
operation thereby further reducing fastener and housing parts. Therefore, the 
5 present invention integrated assembly reduces parts, cost, installation time, 
installation effort, electrical fasteners, wire counts, wire pinching, weight, wire 
harness thickness in critically tight areas and part tolerance stack-ups, while 
also improving the overall interior trim and electrical part quality and 
performance. 

10 The hybrid junction box employed in the present invention 

integrated assembly also has many advantages over the conventional non- 
integrated junction box constructions. For example, by using a variety of 
combinations of the conductive deposited traces, flexible printed circuit board, 
rigid printed circuit board, and busbar and insulator assembly, the junction box 

15 of the present invention has greater internal packaging flexibility so as to 
minimize its exterior size thereby increasing passenger compartment space. 
Moreover, a junction box with conductive deposited traces and/or a flexible 
printed circuit board has a relatively lower weight than does a conventional 
junction box having only a rigid printed circuit board or a busbar and insulator 

20 assembly. Also, the junction box of the present invention is less expensive to 
assemble as compared to traditional designs. An additional advantage is that 
the present invention junction box provides a means for electrically 
interconnecting circuits having differing amperage range handling capabilities. 
Moreover, the various electrical interfaces between each combination of internal 
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electric current carrying circuits within the present invention is reliable, low cost 
and easy to assemble. Additional advantages and features of the present 
invention will become apparent from the following description and appended 
claims, taken in conjunction with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a partially exploded perspective view showing a first 
alternate embodiment of the integrated interior trim and electrical assembly of 
the present invention; 

Figure 2 is a partially exploded perspective view showing the first 
alternate embodiment integrated interior trim and electrical assembly of the 
present invention; 

Figure 3 is a fragmentary exploded perspective view showing the 
preferred embodiment of the integrated interior trim and electrical assembly of 
the present invention; 

Figure 4 is a partially exploded cross sectional view, taken along 
line 4-4 of Figure 3, showing the preferred embodiment integrated interior trim 
and electrical assembly of the present invention; 

Figure 5 is an enlarged fragmentary view showing the switch 
circuit contact pattern of the first alternate embodiment integrated interior trim 
and electrical assembly of the present invention; 

Figure 6 is a fragmentary exploded perspective view showing a 
second alternate embodiment of the integrated interior trim and electrical 
assembly of the present invention; 


iff 
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Figure 7 is an exploded cross sectional view, taken along line 7-7 
of Figure 6, showing the second alternate embodiment integrated interior trim 
and electrical assembly of the present invention; 

Figure 8 is a cross sectional view showing a third alternate 
5 embodiment of the integrated interior trim and electrical assembly of the 

present invention; 

Figure 9 is a cross section view, similar to that of Figure 8, 
showing a fourth alternate embodiment of the integrated interior trim and 
electrical assembly of the present invention; 
■10 Figure 10 is a cross sectional view showing a fifth alternate 

embodiment of the integrated interior trim and electrical assembly of the 

present invention; 

Figure 11 is a cross sectional view showing a sixth alternate 
embodiment of the integrated interior trim and electrical assembly of the 

15 present invention; 

Figure 12 is a cross sectional view showing a seventh alternate 
embodiment of the integrated interior trim and electrical assembly of the 

present invention; 

Figure 13 is an electrical schematic diagram of the preferred 

20 embodiment integrated interior trim and electrical assembly of the present 
invention; and 

Figure 14 is an electrical schematic diagram of the second 
alternate embodiment integrated interior trim and electrical assembly of the 
present invention. 
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

As can best be observed in Figures 1-4, the integrated interior 
trim and electrical assembly 21 of the present invention preferably includes an 
interior trim door panel 23 and a hybrid junction box 25. Door trim panel 23 
has a generally rigid substrate 27, relatively soft foam inserts (not shown) and 
an aesthetically pleasing vinyl or fabric covering material 29 (shown in a partially 
peeled back orientation in Figure 1). Substrate 27 can be injection molded 
from a polymeric material such as polypropylene or ABS, or may be reaction 
injection molded from a glass fiber-filled polyether amine and isocynate mixture. 
Furthermore, substrate 27 provides for either a separately applied armrest 31, 
as shown in Figure 1 , or one which can be integrally formed with the generally 
flat portion of door trim panel 23. However, a more conventional variety of door 
trim panel 23 may also be made. Substrate 27 is fastened to a sheet metal 
door reinforcement 33 through barbed, plastic Christmas tree fasteners or the 
like. 

With reference to Figures 3 and 4, hybrid junction box 25 
preferably includes a nonconductive casing 41 injection molded from Noryl 
PX1265 which can be purchased from General Electric Plastics. In this 
preferred embodiment, a switch base 45 and switch cover 47 are separately 
molded and remotely located from casing 41 defined by a power distribution 
box housing 43 and a separately applied cover 44 upon which the fuses and 
relays are mounted. A cavity is disposed within the assembled power 
distribution box housing 43 and cover 44 for receiving a plurality of generally 
parallel and somewhat flat internal circuit layers. 
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The electrically conductive internal circuit layers include conductive 
deposited metal traces 51 deposited onto walls 53 of casing 41 . The junction 
box circuit layers further include one or more sheet-like flexible printed circuit 
boards 55, multiple alternating electrically conductive busbars 57 and 

5 nonconductive insulators 59, and a pair of folded back and sheet-like rigid 
printed circuit boards 61 . Sets of stamped metallic interconnects, protruding 
busbars, and a conductive elastomeric pad 65 (containing silver or graphite) 
operably conduct electricity between these internal circuit layers. 

A series of fuses 67 and relays 69 are also electrically connected 

10 and physically mounted to junction box 25. it is also envisioned that a positive 
temperature coefficient resistor can be used within junction box 25 instead of 
the externally mounted fuses 67. The positive temperature coefficient resistor 
is a milliohm resistance circuit protector which undergoes a large and abrupt 
change in resistance when an over-current or high temperature heats it above 

15 a specific point. This device automatically resets when the current or 
temperature fault passes. This over current and over temperature resistor is 
ideally suited for use behind door trim panel 23 since it does not require 
potentially damaging removal of door trim panel 23 from door reinforcement 33 
to service blown fuses. An exemplary positive temperature coefficient resistor 

20 is known as a PolySw'rtch® circuit protector which can be obtained from 
Raychem Corporation of Menlo Park, California. Alternately, a FET having 
thermal or current sensing capability or a high side smart-power solid-state 
relay, such as Part No. VN02N from SGS-Thomson Micro Electronics can be 
used to also replace fuses 67. 
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Flexible printed circuit board 55 is comprised of upper and lower 
Myiar nonconductive polyester film sheets having a conductive layer of thin 
metallic foil therebetween. The metallic foil is cut or etched into individual 
circuits or traces for providing electric current carrying paths. The upper Mylar 
layer is provided with a plurality of orifices such that L-shaped terminals of the 
busbar and insulator assembly and conductive elastomeric pad 65 can 
electrically connect and compress against the congruent traces of flexible 
printed circuit board 55. Flexible printed circuit board 55 further contains 
various electronics such as diodes or even integrated circuit microprocessors 
71 (see Figure 7). Flexible circuit board 55 is an elongated sheet-like layer. 
Such flexible printed circuit boards can be purchased from Sheldahl Co. or 
Advanced Circuit Technology Inc. Alternately, a flexible sheet-like layer of 
conductive printed inks on a polyester carrier can be employed. 

Hybrid junction box 25 is ideally suited for containing a 
multiplexed door node by mounting the necessary electronic control unit 
microprocessor and auxiliary electronics upon one or more of the low current 
carrying circuit layers. Thus, the hybrid junction box of the present invention 
is useful as a "smart power distribution box" which can be programmed 
through varying circuit layer and bridging interconnect architectures and 
through the use of the electronic control unit components. Accordingly, the 
hybrid junction box configuration of the present invention is especially 
advantageous by allowing for dense circuit layering so as to minimize door trim 
panel thickness and thereby maximize occupant shoulder room. 
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The preferred and first alternate embodiments of Figures 1 -4 and 
1 3 commonly show hybrid junction box 25 configured to have integrally formed 
electrical connectors 81 for electrically mating with separate electrical 
connectors 83 which, in turn, are joined to a main feeding door-to-body wire 

5 harness (not shown) and accessory wire harness pigtails such as 87. These 
pigtails 87 transmit electrical current to electrically activated devices such as a 
door lock motor or solenoid 89, a window lift motor 91 courtesy lamps 93, seat 
adjustment motors or the like. These are commonly high current applications 
thereby being distributed through high current handling and distributing circuit 

10 layers within power distribution box 25, such as the busbar and insulator 
assembly. 

Flexible printed circuit board layer 55 externally exits from hybrid 
junction box 25 and wraps around wall 53 of housing 43. Flexible printed 
circuit board layer 55 is sandwiched against junction box casing 41 through 

15 either a separately injection molded relief clip 101 (as shown in Figures 3 and 
4) or by the snap fit mounting of casing 41 against the underside of armrest 31 
(as shown in Figures 1 and 2). In this orientation, flexible printed circuit board 
layer 55 is curved back on itself along curved segment 103 external to junction 
box 25. A bank of switches 104 operates in conjunction with a switching 

20 segment 105 of one or more flexible printed circuit board layers 55 as will be 
discussed in greater detail hereinafter. Additionally, a first branch 1 07 of flexible 
printed circuit board layer 55 is affixed to either side of substrate 27 by sonic 
or heat mushrooming of polymeric posts depending from substrate 27. These 
posts extend through holes within tabs 109 protruding from peripheral edges 
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of flexible printed circuit board layer 55. Screws may also be used to secure 
tabs 1 09 to substrate 27. It is noteworthy that substrate 27 is defined herein 
as a member which is permanently secured to and supports covering material 
29 and may include armrest 31 . This first branch 1 07 serves to feed electrical 
current to other switch banks mounted to other portions of door trim panel 23. 
A second branch 1 1 1 of flexible printed circuit board layer 55 carries electrical 
current to other electricity activated devices such as an exterior mirror dimming 
device, compass sensor or electronic module 113. Flexible printed circuit 
board layer 55 is more predictably located than discrete wire harnesses, 
thereby having less chance of inadvertent pinching during in-molding or trim 
panel to body panel fastening. 

Within the first alternate embodiment of Figures 1 and 2, casing 
41 is defined by power distribution box housing 43, switch base 45 and a 
switch cover 47. Power distribution box housing 43 and switch cover 47 are 
attached to switch base 45 by way of snap fits, tongue and groove 
attachments, or screws (not shown). Switch base 45 snap fits onto substrate 
27 of door trim panel 23 beneath armrest 31 . The switch components and 
switching segment 1 05 of flexible printed circuit board layer 55 are somewhat 
housed and retained within switch base 45 and switch cover 47. 

The first alternate embodiment of the integrated interior trim and 
electrical assembly 21 of Figure 2 further has a generally U-shaped 
compression clip 261 which compresses a rectangular conductive elastomeric 
pad 65 against an adjacent circuit layer internal to hybrid junction box 25. This 
internal circuit layer can be a conductive deposited metal trace layer, flexible 
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printed circuit board layer, or rigid printed circuit board layer. Compression clip 
261 has multiple ridges 263 running in an elongated direction along an 
elongated middle section. Upstanding leg sections 265 of compression clip 
261 each have an inwardly facing barbed snap fit 267 adjacent each distal end 

5 for engagement with corresponding snap fit receptacles 269 within power 
distribution box housing 43. Conductive elastomeric pad 65 is advantageous 
over traditional connectors by allowing for significant terminal or trace 
positioning mismatches and greater tolerance ranges without a degradation of 
connection quality. Lightweight and relatively low cost pad 65 is also easily 

10 assembled within the junction box and can be simply customized by recutting 
the pad with a standard pair of scissors, die blades or the like. Pad 65 further 
provides a spring-like feature when used with switches or for securing circuit 
layers within the junction box. Otherwise, this embodiment displays and 
incorporates the features of the preferred construction. 

15 The specific integrated switch configurations will now be 

discussed in greater detail. The switch construction of the preferred 
embodiment of the integrated interior trim and electrical assembly of the 
present invention is shown in Figures 3 and 4. In this embodiment, switch 
circuit contacts 121 are contained within switching segment 105 of each flexible 

20 printed circuit board layer 55 and 161 corresponding with each operator 
accessible switch 122. Switch circuit contact 121 is integrally created with and 
electrically connected to conductive traces 123 running into junction box 25 
without an intervening, discontinuous and dissimilar circuit layer therebetween 
(e.g., rigid printed circuit boards). An orifice 125 is cut within the upper 
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polyester insulating layer for allowing direct access to switch circuit contact 1 21 . 
A fiat insulating spacer and carrier sheet 1 41 is positioned above and generally 
parallel to switch segment 105 of each flexible printed circuit board layer 55 and 
161. This spacer 141 has a plurality of apertures cut therein over which is 
5 mounted stainless steel tactile domes or popples 1 43. These domes 1 43 are 
operably compressed by depression of corresponding actuator buttons 1 45. 
Actuator buttons 1 45 are preferably injection molded from a Noryl polymer. A 
polycarbonate or polyester membrane switch overlay 1 47 is heat welded upon 
vinyl covering material 29 for providing an aesthetically pleasing and 

10 environmentally protective layer covering actuator buttons 145. Membrane 
switch overlay 147 is intended to carry pad printed lettering and can be 
obtained from Memtron Technologies Inc. of Frankenmuth, Michigan. Actuator 
buttons 145 are further held in registry by partially protruding through openings 
within switch base 45. An electrically conductive elastomeric pad 163 is 

1 5 disposed in a flat and parallel manner below secondary flexible printed circuit 
board layer 161 . A remote rigid printed circuit board layer 165, diodes 1 69 and 
resistors 1 71 , are also contained within the remotely located switch module and 
electrically connected to flexible printed circuit board layer 161 by way of 
conductive elastomeric pad 163. The optional secondary flexible printed circuit 

20 board layer 161 , which is offset from layer 55 at switching segment 105, may 
be necessary if the trace and switch contact pattern densities are too great for 
the primary layer 55. Layer 1 61 is joined into junction box 25 in a manner 
similar to layer 55. Furthermore, layer 55 contains a microprocessor 167 
housed within the switch module. Power distribution box housing 43 is 
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preferably screwed directly onto the back side of door trim panel substrate 27. 
Figure 13 is an electrical schematic showing the simplified electrical and layer 
relationships of the hybrid junction box, switch module and electricity activated 
devices. 

5 A second alternate embodiment of the integrated interior trim and 

electrical assembly of the present invention is illustrated in Figures 5 through 
7. Hybrid junction box 25 and the interior trim panel are generally the same as 
with the preferred embodiment although the electronic components 167, 169 
and 171 (see Figure 4) may need to be added within junction box 25. 

10 However, tactile domes 143 (also see Figure 4) of the preferred embodiment 
have been replaced by conductive elastomeric and resilient pads 201 adhered 
to insulating spacer and carrier 203. Accordingly, when actuator buttons 145 
are depressed, pads 201 are compressed through openings 205 within carrier 
203 for providing an electrical bridge or contactor between alternating switch 

1 5 contact patterns 1 21 on each offset corresponding flexible printed circuit board 
layer 55 and 161. Conductive elastomeric pads 201, as well as pads 65 and 
207 (see Figure 1), are preferably made from a 65 durometer, Shore A, semi- 
conductive silicon rubber which has been peroxide catalyzed and post cured 
for four hours at 200° Centigrade. This elastomeric pad contains a conductive 

20 metallic (e.g., silver) or carbon material and can be purchased from S/G 
Industries, Inc. of Memphis, Tennessee. Figure 14 shows the general electrical 
and layer relationship of the hybrid junction box. switch module and electricity 
activated devices. 
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Referring to Figure 8, a third alternate embodiment of the 
integrated interior trim and electrical assembly of the present invention has a 
switch 21 1 including a nonconductive silicon rubber keypad 21 3, a graphic 
overlay 21 5, an aesthetically pleasing plastic bezel or switch base 21 7, a flexible 
5 insulating layer 219 carrying a printed conductive shorting pad 221 and flexible 
printed circuit board 55 containing an aperture for access to the traces. A 
mounting stud 225 or adhesive may be used to secure keypad 21 3 within the 
switch module. Keypad 21 3 is further defined by a key top 231 , a flexible web 
233 and an affixed key base 235. 

1 0 A fourth alternate embodiment of the present invention integrated 

interior trim and electrical assembly is shown in Figure 9. This switch 241 is 
integrated into the hybrid junction box circuits as was disclosed with the 
preferred embodiment. In this alternate embodiment, a conductive stainless 
steel tactile dome or popple 243 and a dome holder 245 are substituted in 

15 place of shorting pad 221 (see Figure 8). 

As can be observed in Figure 1 0, a fifth alternate embodiment of 
the integrated interior trim and electrical assembly 21 of the present invention 
includes an interior trim instrument panel 301 , a hybrid junction box 303 and a 
remote switch assembly 305. Instrument panel 301 has an injection molded or 

20 reaction injection molded substrate 307 and an aesthetically pleasing vinyl 
covering material 309 with a reaction injection molded foam 311 injected 
therebetween. It is important to distinguish the instrument panel supporting 
and structural substrate 307 from a nonstructural injection molded instrument 
cluster assembly (not shown) which retains a variety of tightly packed 
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instruments and lights. A metal reinforcing bar or brace 31 3 extends in a 
crosscar manner for supporting and fastening instrument panel 301 to the 
automotive vehicle body. Brace 313 may have many other traditional 
configurations depending upon the specific instrument panel and vehicle body 

5 constructions. 

Junction box 303 is directly screwed upon the backside of 
substrate 307 and is constructed in accordance with the teachings of the 
preferred embodiment. A flexible printed circuit board layer 308 emanates from 
within junction box 303 and is incorporated into switch 305 as was disclosed 
10 with any of the preceding embodiments. The specific switch construction 
shown in Figure 10, employs a bezel retaining switch housing 315 which is 
snap fit onto orifice edges of instrument panel substrate 307. Flexible printed 
circuit board layer 308 is directly fastened to the backside of substrate 307 by 
melting and expanding a head of a pin 317 projecting from a thermoplastic 
1 5 substrate 307 or can alternately be screwed onto a thermoset substrate 307. 

Figure 1 1 illustrates a sixth alternate embodiment of the integrated 
interior trim and electrical assembly of the present invention wherein a sheet-like 
circuit layer 401 , preferably a flexible printed circuit board layer having traces 
with a generally polygonal cross section, is insert molded and encapsulated 
20 within the instrument panel or the door trim panel foam 403. This foam is 
preferably the glass-filled rigid and structural substrate foam but may alternately 
be the relatively softer foam disposed between the substrate and the covering 
material 405. 
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A plastic junction box 421 is shown insert molded into the 
generally rigid substrate 423 of the instrument panel or door trim panel of the 
seventh alternate embodiment of Figure 12. The substrate material is covered 
by an aesthetically pleasing covering material 425, such as polyvinyl chloride 
or a barrier layer and fabric combination. A variety of circuit layers, such as 
those disclosed with the preferred embodiment, are intended to be contained 
within a housing of junction box 421 and covered by a power distribution box 
cover 427. While the various embodiments of this integrated interior 

trim and electrical assembly have been disclosed, it will be appreciated that 
various modifications may be made without departing from the present 
invention. For example, the present invention covers a junction box having only 
flexible printed circuit board layers therewithin. Furthermore, while a specific 
hybrid junction box having conductive deposited metal traces, a printed circuit 
board, a busboard and insulator assembly, and a flexible printed circuit has 
been disclosed, a hybrid junction box of the present invention may alternatively 
have any dissimilar paired combination of these electric current circuits therein. 
The junction box may also be oriented in any position and the internal layers 
may be stacked in a different order depending on the specific vehicle 
packaging and electrical requirements. Additionally, it is envisioned that a 
junction box and/or sheet-like conductive layer can be directly attached or 
molded to other interior trim panel substrates such as compression molded 
resinated fiber or foam headliners, shetf trim panels, trunk trim panels or under 
carpet insulators. It should also be appreciated that the sheet-like conductive 
layer may alternately take the form of any other generally flat (prior to flexing) 
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member containing a conductive circuit. Various materials have been disclosed 
in an exemplary fashion, however, other materials may of course be employed. 
It is intended by the following claims to cover these and any other departures 
from the disclosed embodiments which fall within the true spirit of this invention. 
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The invention claimed is : 

1 . An integrated assembly for use in an automotive vehicle 

comprising: 

an interior trim panel having a substrate and an aesthetic covering 

material; 

5 a first occupant operable switch mounted upon said interior trim 

panel; 

a second occupant operable switch mounted upon said interior 

trim panel; 

a sheet-like electrically conductive layer having multiple circuit 
10 traces electrically connected to said switches, said sheet-like layer being 
secured to said substrate of said interior trim panel and externally extending 
from said switches; 

a junction box directly connected to said sheet-like electrically 
conductive layer; and 
1 5 a first electricity activated device receiving electricity through said 

sheet-like electrically conductive layer. 


2. The integrated assembly of Claim 1 further comprising a 
substantially rigid electrically conductive layer disposed within said junction box 
being electrically connected to said first sheet-like electrically conductive layer 
and distributing electrical current to a second electricity activated device and 
5 a third electricity activated device, a majority of said substantially rigid 
electrically conductive layer being substantially flat. 
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3. The integrated assembly of Claim 2 wherein portions of 
said sheet-like electrically conductive layer and said substantially rigid 
electrically conductive layer are housed within a substantially nonconductive 
casing of said junction box. 


4. The integrated assembly of Claim 3 wherein said interior 
trim panel is defined as a door panel and said junction box casing is affixed to 
said substrate. 


5. The integrated assembly of Claim 3 wherein said interior 
trim panel is defined as an instrument panel with said substantially rigid 
substrate being polymeric, said junction box casing is affixed to said substrate. 


6. The integrated assembly of Claim 2 wherein said 
substantially rigid electrically conductive layer is defined as a rigid printed circuit 
board retaining a microprocessor. 


7. The integrated assembly of Claim 2 wherein said 
substantially rigid electrically conductive layer is defined as an alternating and 
stacked assembly of multiple busbar and insulator sublayers. 
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8. The integrated assembly of Claim 2 wherein said 
substantially rigid electrically conductive layer is defined as at least one 
conductive deposited trace affixed to an inside surface of a substantially 
nonconductive wall. 

9. The integrated assembly of Claim 2 wherein said first and 
second electricity activated devices are selected from the group consisting 
essentially but not exclusively of: a window lift motor, a door lock 
electromagnetic device, a light, and an electric mirror device. 

1 0. The integrated assembly of Claim 1 wherein said sheet-like 
electrically conductive layer is flexible. 
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1 1 . The integrated assembly of Claim 1 0 wherein said switches 

each include: 

an actuator button; 

switch bridging means for selectively conducting electricity; and 
5 switch circuit contacts integrally created on said sheet-like 

electrically conductive layer with said traces running along the majority of said 
sheet-like electrically conductive layer, said sheet-like electrically conductive 
layer being disposed within and exiting said switch without any dissimilar circuit 

means connected therein; 
1 o whereby depression of said actuator button causes said switch 

bridging means to directly touch and conduct electrical current between said 
switch circuit contacts thereby energizing said electricity activated device. 


12. An integrated assembly for use in an automotive vehicle 

comprising: 

an interior trim panel having a substantially rigid substrate and an 

aesthetic covering material; and 

5 a junction box being affixed to said substrate, said junction box 

including a casing within which are disposed at least a pair of differing 
electrically conductive circuit layers being selected from the group consisting 
of: a rigid printed circuit board layer, a flexible printed circuit board layer, an 
insulator and busbar assembly layer, and a deposit conductive trace layer 

1 0 deposited onto said casing. 
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1 3. The integrated assembly of Claim 1 2 further comprising an 
occupant operable switch being electrically connected to one of said circuit 
board layers extending external from said junction box, said switch being 
affixed to said interior trim panel. 

1 4. The integrated assembly of Claim 1 3 wherein said switch 

includes: 

an actuator button; 

switch bridging means for selectively conducting electricity; and 
switch circuit contacts disposed on said one of said circuit board 

layers; 

whereby depression of said actuator button causes said switch 
bridging means to conduct electrical current between said switch circuit 
contacts thereby energizing an electricity activated device. 

15. The integrated assembly of Claim 12 further comprising: 
current overload protection means and a relay being mounted to 

said junction box and electrically connected to at least one of said circuit layers 
therein; and 

a plurality of lights being electrically connected to at least the 
other of said circuit layers of said junction box. 

16. The integrated assembly of Claim 12 wherein said interior 
trim panel is defined as a door trim panel. 
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17. The integrated assembly of Claim 12 wherein said interior 
trim panel is defined as an instrument panel with said substantially rigid 
substrate being polymeric. 


1 8. An integrated assembly for use in an automotive vehicle 
comprising an automotive vehicle interior trim panel having a substrate and an 
aesthetically pleasing covering material, a flexible sheet-like electrically 
conductive layer being formed within and directly affixed to said interior trim 
panel. 


19. The integrated assembly of Claim 1 8 wherein a substantially 
rigid substrate is reaction injection molded around a cross section of said 
electrically conductive layer. 


20. The integrated assembly of Claim 1 8 wherein said interior 
trim panel is a door trim panel. 

21 . The integrated assembly of Claim 1 8 wherein said interior 
trim panel is an instrument panel. 

22. The integrated assembly of Claim 1 8 further comprising 
switch bridging means for conducting electricity operably contacting against 
switch contacts on said electrically conductive layer. 
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23. An integrated assembly for use in an automotive vehicle 
comprising an automotive vehicle interior door trim panel having a substantially 
rigid substrate and an aesthetically pleasing covering material, a junction box 
being mounted directly to said substrate, said junction box including electrically 

5 conductive circuit means for distributing electricity from an input lead to at least 
two output leads, said leads being electrically connected to said junction box 
through separate electrical connectors. 

24. An integrated assembly for use in an automotive vehicle 
comprising an automotive vehicle interior trim panel having a substantially rigid 
polymeric substrate and an aesthetically pleasing covering material, at least a 
portion of a junction box being molded into and directly affixed to said 
substrate. 

25. The integrated assembly of Claim 24 wherein said interior 
trim panel is defined as a door panel. 

26. The integrated assembly of Claim 24 wherein said interior 
trim panel is defined as an instrument panel. 
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27. An integrated assembly for use in an automotive vehicle 

comprising: 

an interior trim panel having a substrate and an aesthetic covering 

material; 

an occupant operable switch mounted upon said interior trim 

panel; 

a circuit layer electrically connected to said switch, said circuit 
layer being secured to said substrate of said interior trim panel and externally 

extending from said switch; and 

a junction box being disposed behind said substrate, said junction 
box including a casing within which is disposed at least a portion of said circuit 


layer. 


28. The integrated assembly of Claim 27 wherein said circuit 


layer is flexible and sheet-like. 


29. An automotive vehicle junction box comprising: 

a junction box casing defining an internal cavity; 

circuit layer means for conducting and distributing electricity 
between externally accessible electrical connectors; and 

a conductive elastomeric pad disposed within said junction box 
casing and electrically connecting at least two of said circuit layer means. 
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30. The junction box of Claim 29 further comprising a generally 
U-shaped compression clip compressing said conductive elastomeric pad 
against at least one of said circuit layer means. 


31 . The junction box of Claim 30 wherein said compression clip 
includes a middle section containing multiple ridges and a pair of upturned legs 
having barbed snap fits at distal ends of said legs. 
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